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IMPROVEMENTS IN COMPOSITE ELECTRICAL CONTACTS 



This invention relates to composite electrical 
contacts. 

As the number of switching contacts in motor 
vehicles has increased, so too have the demands placed 
upon the contact materials. As a result of this, 
establishing the mechanisms of degradation of 
automotive switching contacts is now the subject of 
much work. 

Arc-erosion is clearly the main cause of damage to 
rotary ignition switches and only occurs on the outer 
contacts, mainly when the rotor arm traverses the air 
gap in the outer conductive track and experiences a 
change in electrical potential in crossing the gap. 
Plastic deformation and abrasive wear also play a role 
in producing material loss and a mixture of two body, 
particularly in the case of the inner contacts, and 
three body abrasion does occur, which is accelerated by 
removal of contact grease from the conductive tracks 
during operation. 

Coatings for electrical connectors and switches 
have traditionally been produced by roll cladding or 
electro-plating . 

It is already known to make a composite electrical 

contact by spray atomising or sputtering particulate 

alternate layers of tungsten and copper onto a brass 

substrate for wire feeds, in such a way that at least 

2 

1000 particles/mm are deposited. 
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According to our invention a composite electrical 
contact comprises a substrate having co-deposited and 
multi-layer alloy coatings. 

By this method we improve the wear resistance, 
micro-hardness and arc-erosion properties of moving and 
fixed electrical contacts, with minimal effect on 
electrical resistance properties. These improved 

properties minimise the dependency on greases for 
lubrication and arc-erosion prevention. 

Co-deposited and multi-layer alloy coatings may be 
deposited by the following two techniques, namely, 
co-deposition or sequential deposition from two or more 
unbalanced, or balanced, magnetron cathode arrays. 

Examples of materials which may be used for 
electrical applications include combinations of 
materials such as copper and tungsten co-deposited to 
form a metastable supersaturated alloy, or 
multi -layered in alternating copper and tungsten layers 
with multi-layer periods of, for example, 25 nm. Other 
examples of material combinations may include silver 
and tungsten, copper or silver with molybdenum, copper 
or silver with chromium, copper with palladium, copper 
or silver with graphite, copper with cobalt, silver 
with nickel or nickel and magnesium oxide, or other, 
generally insoluble, metallic based combinations. 

The preferred coating materials comprise 
substantially pure tungsten and copper-tungsten alloy 
containing less than 10% tungsten in supersaturated 
solid solution. The contact resistance and hardness of 
these films are superior to a commercial sintered 
copper-tungsten electrode material (78%W) and the 
cooper-iron strip currently used in service. 
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The copper-tungsten multilayers deposited have 
significantly lower contact resistance values, but the 
hardness values obtained unexpectedly indicate that 
they have inferior wear resistance compared to the 
tungsten and copper-tungsten co-deposited films. A 
small increase in hardness occurrs as the multilayer 
period decreases from lOOnm to 25nm. 

For some coating materials and substrate material 
combinations an interface layer between the coating and 
substrate may improve the adhesion and may be a 
pre-requisite for successful application in some 
cases . 

Additional application examples include the 
coating of butting type electrical contacts and 
electrical connectors. 

Supersaturated Physical Vapour Deposition (PVD) 
coatings of two or more insoluble metals have been 
shown to have novel physical properties. Multi-layer 
PVD coatings have been shown to offer improvements in 
performance over their single layer constituent 
counterparts . 

The benefits derived from PVD coatings , i.e. high 
surface hardness , improved arc erosion and wear 
resistance etc. may be enhanced by depositing the 
multi- layered coating structure. The properties 

obtained are superior to either of the individual 
constituents of the multi-layer, but only if the 
thickness of the individual layers is of the order of a 
few nanometres. 



Two deposition processes are illustrated in the 
accompanying drawings in which:- 
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Figure 1 is a schematic representation of 
sputter deposition; and 

Figure 2 illustrates unbalanced magnetrons 
magnetic field configuration. 

The deposition processes for the multilayer and 
the supersaturated coating are described with examples . 

The Multilayer Coatings 

Multilayer coatings can be deposited by sequential 
deposition from two (or more) unbalanced or balanced 
magnetron cathode arrays. The following example 

describes the deposition of tungsten/copper multilayer 
coatings . 

Multilayer Coating Experimental Procedures 
Deposition Equipment 

Copper - tungsten multilayers were deposited on a 

range of substrates. The depositions were carried out 

in a Nordiko NS2550 sputtering unit pumped by a CTI 

Cryogenics Cryo - Torr 8 cryo pump/rotary vane pump 

(Edwards E2M40) combination with an ultimate vacuum of 
-7 

1 x 10 mbar. 

The Nordiko sputtering unit is particularly 
versatile, housing three eight inch diameter magnetron 
sputtering electrodes. D.C. or R.F. bias may be 
applied to the working electrode using a kW Advanced 
Energy power supply or an ENI Power Systems Inc. model 
ACG-10 1.25kW supply respectively. A second 1.25kW RF 
power supply allows RF biasing of the substrate 
platten. The unit also houses a Chell Instruments MKS 
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2 gas flow control system and has a fully programmable 
process controller. 

Materials 

For the purpose of this investigation 20mm 
diameter by 6mm thickness copper and tungsten targets 
of 99.5% and 99.95% purity respectively were used. The 
substrates used included electrical grade copper 
(99.5%), cold rolled CuFe2 , glass microscope slides, 
aluminium and stainless steel substrates. All the 
metallic substrates were polished to a 1 pm finish 
prior to the deposition of the thin films. 

Substrate Preparation 

Substrates were ultrasonically cleaned in toluene 
for 30 minutes, then acetone for 15 minutes, then 
methanol for 15 minutes and finally dried, using a hot 
air blower. 

Deposition Process 

Coating was carried out for a duration estimated 
to give a film thickness of about 3 using the 

appropriate magnetron sputter power, sample height, 
argon pressure and sputter pre-clean conditions. 
Coatings were deposited with layer thicknesses of 
either 25, 50, or 100 nm. The copper and tungsten 
layers were of equal thickness for each coating. 

The deposition parameters were chosen from the 
following: 

Magnetron power 1 or 2 kW DC 
Substrate bias 100 W RF 

Magnetron - substrate separation 65 or 125 mm 
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(A 100 W RF substrate bias pre-clean for up to 10 
minutes was used prior to coating) 

The Supersaturated Coatings 

Supersaturated coatings can be produced by 
co-deposition from 2 (or more) unbalanced or balanced 
magnetron cathode arrays. 

The following example describes the deposition of 
cooper-tungsten supersaturated coatings. 

Supersaturated Coating Experimental Procedures 
Deposition Equipment 

Copper-tungsten supersaturated coatings were 
deposited on a range of substrates. The coatings were 
deposited using two 6 inch diameter unbalanced DC 
magnetrons manufactured by D G Teer Coating Services 
Ltd. 

Materials 

For the purpose of this investigation 6 inch 
diameter copper and tungsten targets . The substrates 
used included electrical grade copper strip, discs and 
wear test pins. 

Deposition Process 

Coatings were co-deposited from the two magnetrons 
such that copper-rich films were formed over the copper 
target and tungsten-rich films were formed over the 
tungsten target. The position of the substrate 
relative to the two magnetron target therefore 
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determined the copper and tungsten content of the 
coating so formed. 

A range of copper-tungsten films were deposited 
with a weight percentage of tungsten from 3.7% to 
95.8%. The coating thicknesses ranged from 14.5 /jm to 
58 jim were deposited, however, free-standing material 
(up to about a millimetre in thickness) can be formed 
by this process . 



The deposition parameters were chosen from the 
following: 



Magnetron power: Copper targer 3kW 

Tungsten target 3 to 2.5kW 

Substrate bias: either applied -100V 0.44A 

or self bias -21.5V 

Magnetron- substrate separation: 

i) either (for substrade applied bias) 180mm 

ii) or (for substrate self bias) 100mm 



Magnetron Sputter Coating 



In simple sputter coating as illustrated in 
Figure 1 of the accompanying drawings high energy ions 
bombard the surface of the source material causing 
ejection of atoms into the vacuum system with energies 
of several eV. 

The source of the high energy ions is usually a 

simple DC plasma glow discharge for which argon gas at 

_ 2 

a pressure of approximately 10 mbar is fed into the 
vacuum system. The source material or 'target' is made 
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the cathode of the device and large numbers of positive 
argon ions bombard the target ejecting the metal atoms. 

For insulating materials such as ceramics a simple 
DC plasma glow discharge cannot be used and instead of 
RF plasma discharge is struck which maintains a DC bias 
on the ' target ' surface . 

Compounds, particularly insulators, can also be 
deposited by reactive sputtering whereby a reactive gas 
is introduced along with the argon to react with the 
sputtered target material. Magnetron sputtering 

involves the introduction of a magnetic field close to 
the target which causes the emitted electrons to spiral 
down the magnetic field lines so encapsulating electron 
travel and, therefore, concentrating and enhancing 
ionisation of argon atoms. 

Unbalanced Magnetron Sputtering 

In the past, the main shortcoming of the high 
rate, magnetron sputtering ion plating process was the 
decrease in the density of the ion current incident on 
the substrates at distances greater than about 6cm. 
This problem was partly overcome by Window and 
Savvides, in recognising the benefit of •unbalancing' 
the magnetic field configuration of the conventional 
magnetrons, so that the plasma in the target region was 
allowed to flow out towards the substrates, see 
Figure 2 of the accompanying drawings. This allowed 
some of the secondary electrons produced during 
sputtering to follow the magnetic field lines away from 
the target, toward the substrates, causing further 
ionising collisions. The unbalancing resulted in 
enhanced levels of ionisation near the substrates since 
the positive species followed the electrons away from 
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the magnetron due to their electrostatic attraction. 
Researchers quickly adopted various unbalanced 
magnetron configurations and the immediate benefits for 
deposition became apparent. 

In the use of PVD deposition techniques to produce 
supersaturated solutions of thermodynamically insoluble 
elements, the limit of tungsten supersaturation in 
copper was 13wt%, and the limit of supersaturation of 
copper in tungsten was 18wt%. 
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CLAIMS 

1. A composite electrical contact comprising a 
substrate having co-deposited and multi-layer alloy 
coatings • 

2. A composite electrical contact according to 
claim 1, in which combinations of coating materials are 
co-deposited to form a metastable supersaturated alloy. 

3. A composite electrical contact according to 
claim 1, in which the coating materials are 
multi-layered in alternating layers. 

4. A composite electrical contact according to 
claim 3, in which the multi-layer periods are 25nm. 

5. A composite electrical contact according to any of 
claims 2-4, in which the coating materials comprise 
combinations of copper and tungsten, silver and 
tungsten, copper or silver with molybdenum, copper or 
silver with chomium, copper with palladuim, copper or 
silver with graplite, copper with cobalt, or silver 
with nickel or nickel and magnesium oxide. 

6. A composite electrical contact according to 
claim 5, in which the coating materials comprise 
substantially pure tungsten and copper-tungsten alloy 
containing less than 10% tungsten in supersaturated 
solid solution. 

7. A composite electrical contact according to 
claim 5 or claim 6, in which the limit of tungsten 
supersaturation in copper is 13wt% and the limit of 
supersaturation of copper in tungsten is 18wt%. 
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8, A composite electrical contact according to any 
preceding claim, in which an interface layer is 
provided between the coating and the substrate. 

-> 

9. A composite electrical contact according to any 
• preceding claim, in which the contact is provided on a 

rotor arm for a rotary ignition switch of a vehicle. 
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